MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS- 1963-A 


la.  REPORT  SECURITY  CLASSIFICATION 

U 


2a.  SECURITY  CLASSIFICATION  AU 


2b.  DECLASSIFICATION  /  DOWNGRADI 

NA 


i  1 

ij 


4.  PERFORMING  ORGANIZATION  REW*rNUMBER(Sb^. 

4B569  ^ D 


6a.  NAME  OF  PERFORMING  ORGANIZATION  6b.  OFFICE  SYMBOL 

(If  applicable) 

Jniversity  of  Health  Sciences/  „4 


i  u  •»  luHiuuiiifiMBsraiTSiSIH  I 


6c  ADDRESS  (City,  State,  and  ZIP  Code) 
3333  Green  Bay  Road 
North  Chicago,  1L  60064 


8a.  NAME  OF  FUNDING /SPONSORING 
ORGANIZATION 

Office  of  Naval  Research 


8c  ADDRESS  (City,  State,  and  ZIP  Code) 

800  N.  Quincy  St. 


8b  OFFICE  SYM80L 
(If  applicable) 
ONR 


lb  RESTRICTIVE  MARKINGS 

NA 


3.  DISTRIBUTION /AVAILABILITY  OF  REPORT 

Distribution  unlimited 


5.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 

NA 


7a  NAME  OF  MONITORING  ORGANIZATION 

Office  of  Naval  Research 


7b.  ADDRESS  (City,  State,  and  ZIP  Code) 
800  N.  Quincy  St. 
Arlington,  VA  22217-5000 


9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

N00014-86-K-0477 


10.  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 
ELEMENT  NO. 


PROJECT 

NO. 


11.  TITLE  (Include  Security  Classification) 

Evolution  of  Phosphofructokinase 

1  12  PERSONAL  AUTHOR(S) 

FIELD 


08 


COSATI  CODES 


GROUP  SUB-GROUP 


18.  SUBJECT  TERMS  ( Continue  on  reverse  if  necessary  and  identify  by  block  number) 
'’protein  evolution^  protein  engineering, 
directed  mutagenesis  ^ 


19.  ABSTRACT  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 

'"'Comparative  sequence  data  suggest  that  eucaryotic  phosphofructokinase  (PFK) 
has  evolved  from  a  procaryotic  precursor  by  gene  duplication,  fusion,  and  mutation 
of  previous  catalytic  sites  into  new  regulatory  ligand  binding  sites.  We  are 
attempting  to  duplicate  these  processes  by  recombinant  DNA  technology.  The  ji.  coli 
pfk  gene  is  being  recloned  into  a  convenient  plasmid.  Using  a  synthetic  oligo¬ 
nucleotide  that  matches  the  mammalian  "link"  region,  two  E.  coli  pfk  genes  will  be 
joined.  The  properties  of  the  expressed  ""duplex^  enzyme  will  be  analyzed.  Utilizing 
site-directed  mutagenesis,  conversion  of  one  of  the  two  catalytic  sites  to  a  regulatory 
site  will  be  carried  out.  K-  ;  ■-  I  ■  \  "  * 

DISTRIBUTION  STATEMENT  A 
Approved  for  public  release! 

Distribution  Unlimited 


20.  DISTRIBUTION /AVAILABILITY  OF  ABSTRACT 

UNCLASSIFIED/UNLIMITED  □  SAME  AS  RPT 


OD  FORM  1473. 84  MAR 


□  OTIC  USERS 


21.  ABSTRACT  SECURITY  CLASSIFICATION 

U 


22c  OFFICE  SYMBOL 

ONR 


83  APR  edition  may  be  used  until  exhausted.  SECURITY  CLASSIFICATION  OF  THIS  PAGE 

All  other  editions  are  obsolete. 


J|V9|L'IiS£n"1 


/Cvl v"v'"  .-A'V 


PROJECT  TITLE:  EVOLUTION  OF  PHOSPHOFRUCTOKINASE 

Annual  Report  for  the  period  of  8/1/86  -  7/31/87 

Principal  Investigator  Robert  G.  Kemp,  Ph.D. 

Department  of  Biological  Chemistry  &  Structure 
University  of  Health  Sciences/ 

The  Chicago  Medical  School 
3333  Green  Bay  Road 
North  Chicago,  Illinois  60064 


The  pfk  gene  along  with  a  strong  upstream  promoter  was  removed  from  pLC16-4  by 
cleavage  with  Sinl  and  Hpal.  HindHI  linkers  were  ligated  to  the  fragment  and  the  fragment  was  in¬ 
serted  into  the  HindlUsite  of  pUCmp8.  Very  "sick"  colonies  were  produced  and  the  only  success¬ 
ful  M13  insertion  involved  extensive  deletions  from  the  5’  end  of  the  gene  as  indicated  by  restriction 
maps.  After  numerous  failures,  we  decided  that  the  strong  promoter  present  with  the  fragment  was 
leading  to  a  transcript  that  was  somehow  disturbing  the  host  cell’s  normal  transcription.  The  vector 
pKK232-8  has  a  promoter-less  chloramphenicol  transacetylase  gene  along  with  unique  transcription 
terminators.  We  cloned  into  the  Hindin  site  of  this  vector  and  generated  an  excellent  PFK 
overproducer  that  grew  in  the  presence  of  ampicillan  and  chloramphenicol.  This  plasmid  has  been 
named  pSLJ-3.  PFK  was  overproduced  by  approximately  10-fold  when  this  vector  was  used  to 
transform  E.  coli  LE392. 

Oligonucleotides  to  be  used  to  assemble  the  "linker"  region  between  two  pfk  genes  were 
synthesized.  Unfortunately,  at  this  point  we  discovered  numerous  errt  ?  u.  the  published  pfk  se¬ 
quence.  These  errors  have  now  been  corrected  and  a  new  oligonucleouae  is  being  synthesized. 

The  Hindm  linked  pfk  has  been  circularized,  restricted  at  the  BGUI  site  and  inserted  into 
pSU-7,  which  was  constructed  by  putting  an  additional  BG1II  site  into  a  BAmHl/HBndlll  site  of 
pKK232-8.  The  new  construct  is  called  pSLJ-2.  This  will  serve  as  a  vector  for  manipulations  of 
the  "linker"  and  will  then  be  inserted  into  the  BgUI  site  of  pSLJ-3  to  create  the  "duplex". 

We  are  now  completing  the  assembly  of  the  newly  designed  double  stranded  oligonucleotide 
that  codes  for  the  link  between  the  two  pfk  genes.  This  will  be  assembled  and  inserted  into  pSLJ-2 
in  place  of  the  terminator,  initiation,  and  upstream  promoter  site  located  in  the  middle  of  the  inverted 
pfk  gene.  This  modified  gene  will  be  restricted  with  BgUI  and  inserted  into  pSLJ-3.  The  result 
should  be  the  duplex  product. 

(2)  A  second  area  of  investigation  has  been  the  production  of  site-directed  mutants  that  will 
be  useftil  in  altering  one  of  the  two  catalytic  sites  of  our  duplex.  A  riiutation  was  made  by  the 
method  of  Mandecki,  which  involves  introducing  a  single  restriction  site  cleavage  into  the  gene  and 
transforming  with  the  cut  plasmid  plus  an  oligonucleotide  that  bridges  the  cut  and  contains  one  or 
more  mismatches  near  the  restriction  site.  We  cleaved  pSLJ3  with  BgUI  and  added  a  65-mer  that 
removed  the  restriction  site  and  changed  G 174  to  E.  Although  this  experiment  was  largely  a  student 
excercise,  it  did  have  a  rational  basis.  G174  is  three  residues  from  critical  catalytic  residue  involv¬ 
ing  ATP  and  seems  to  be  important  for  the  folding  of  the  pocket.  The  kinetic  properties  of  the  mu¬ 
tant  enzyme  are  fairly  similar  to  native  enzyme  except  for  a  low  Vmax.  This  low  Vmax  may  be  an 
artifact  dje  to  the  high  ability  of  the  enzyme.  Preliminary  studies  indicate  that  the  mutant  enzyme  is 
much  less  stable  than  the  native  enzyme. 

pSU3  is  an  excellent  overproducer  of  PFK,  but  we  still  have  the  problem  of  cloning  into 
M13  which  is  useful  for  most  of  the  techniques  of  mutagenesis.  The  approach  that  we  are  taking  is 


to  subclone  a  large  fragement  into  M13,  mutagenize  it,  and  then  reinsert  it  into  pSU3  at  the  appro¬ 
priate  restriction  sites.  We  utilized  a  double  digestion  with  Bfin  and  Hind  ITT  to  produce  two  large 
fragments,  710  and  769  bp,  which  were  put  into  M13  mp8  and  mp9  restricted  with  Bam  HI  and 
HindllL  A1  thought  we  thought  we  may  only  be  able  to  clone  the  3'  fragment  because  of  the  prob¬ 
lem  with  promoters,  it  turned  out  that  each  fragment  has  been  successfully  cloned  into  M13  in  both 
directions.  Thus,  we  now  have  a  fragment  that  can  be  used  for  oligonucleotide-directed  mutagene- ' 
sis  in  M13. 

Mutagenesis  will  be  carried  out  using  the  procedure  of  Kunkel  which  has  a  high  efficiency 
of  mutagenesis.  This  technique  has  quickly  gained  in  popularity  and  was  recently  introduced  in  kit 
from  Bio-Rad.  Efficiency  may  even  be  greater  by  using  a  second  primer  in  addition  to  the  oligonu¬ 
cleotide  containing  the  mismatch.  Briefly,  the  procedure  involves  generating  the  single-stranded 
DNA  substrate  in  dut-  ung-  mutants  of  E.  coli.  The  phage  DNA  will  have  significant  amounts  of 
uracil  substitutions.  After  annealing  and  extending  the  primers,  the  DNA  is  transfected  into  wild 
type  E,.coli  which  will  destroy  the  uracil-bearing  primer,  leaving  only  the  mutant  form  free  for 
replication.  The  mutagenized  fragment  will  be  reinserted  into  pSU3  and  the  plasmid  will  be  trans¬ 
formed  into  DF1020,  a  mutant  lacking  both  pfk  has  been  introduced.  Obviously  any  mutations 
must  be  confirmed  by  mapping  and  sequencing.  Oligonucleotides  have  been  prepared  for  the 
preparation  of  replacements  at  both  the  ATP  and  fructose-6-P  binding  sites. 

(3)  Further  clues  to  the  evolution  of  allosteric  properties  may  be  found  in  other  comparative 
studies.  We  wished  to  examine  the  structure  of  PPi-dependent  PFK  to  see  its  structure  would  tell 
us  something  about  the  catalytic  site.  The  protein  has  been  purified  to  near  homogeneity  from 
potatoes  by  a  new  procedure.  The  preparation  of  PPi-dependent  PFK  will  be  scaled  up  to  produce 
3  to  5  mg  of  enzyme.  This  will  be  used  for  peptide  mapping  to  determine  the  relationship  to  the  £, 
coli  enzyme.  If  the  enzyme  is  related,  plans  will  be  made  for  determining  the  complete  sequence  of 
the  protein  (probably  from  a  cDNA  sequence). 
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